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ABSTRACT 

A primary science program was developed over a 2-year 
period at a Mcmtessori school. The program is intended to encourage 
creative but logical thought and active participation by the child in 
learning "hows" and ••whys*" It teaches the mathematical operations 
(measurement and comparative notation) necessary to know ^at to do 
with scientific information acquired in later study. The program 
consists of a series of problems (getting a stick the same length as 
a line on the chalkboard, making charts, etc.) the students discuss 
and experiment with. Shelf material and geunes are provided for the 
children to use anytime dtiring the day. The children with whom the 
program was developed were relatively bright students of kindergarten 
age. The program is judged to be more suitable in most instances for 
first grade. Appendix I provides games and charts, and Appendix II 
shelf material and graphs. A bibliography of children's books is also 
given. (KM) 
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2, ::ctive p-.rticipr.ticn by the child in lo:.rr.ir.- tho "Lcv.-c" 
ar.u the "•.-.^vs" within the rroposed unit of inoviiy. 



Scior.ce shorld be taught in the :^rii.-.?.iy c^-dec net because 
ocior.co T^rcvides a nocess'.ry ctcrehouse of factual data: but 
because it rrovides a sin-ular area of study which can validly 
"xeach" creative thinking. 

"Science is one of the few diciplincs -.rhose 
wealth of phenomenon is open to dir-^ct 
observation, .manipulations and to the 
opT^eration of both intuitive and rigorous 
icgic" (Kuslan and Stone. Te aching Science To 
Children, p. I6c) 
Creative thought in L-.y estir.ation is a vital cor.ponent of any 
endeavor, intellectual or other. It is also a fundamental clue 
to the developjT.ent of solf-cor.fidence and a positive self-image j 
both of w'hich are prerequisites for a receptive ir.ind. 3y 
allowing students to "act out their mind" as well as their ego, 
interest doubles and children becon:e confident in th-ir Oun 
abilities. Being allowed -.o think and to do is an indirect 
signal of respect. This in turn effectuates a positive learning 
situation which makes "learning" ==.nd "knowing" fun. Contrast 
this with the stultifying inactivity of rote-learning under a 
competent .T.odel who is continually a source of intirnidation. 

If a c:.ild IS. to be able to und-rstand, interpret and gen^^r lize 
the "hows" and the "whys" of science, then the curriculuir, must 
take into account the intellectual abilities of the age group, 
I don't mean individual differences, but the -ctual d-velcrir.ental 
level of the brain. In the kindergarten-f iist grade grouping 
the storehouse of inform.ation, the frame of reference and m.cst 
inportantly, the ability of the brain to manipulate data is 
slim and still inchoate. However, this initial intellectual 
development is marked by highly receptive and acquisitive strength. 



t. j't^r.j, ::ic::ir:; a. d :;o\^r J ly invooticating 'Voryt!. ^ 2 ?hny 
.:r»^ ;:r''.:/; o:"" thr^ir otitor j,:or.G^f tc acr.irt t'^irbr'ir ir 
l'-^ iT.ir.y locv.t tl:*-^ vorlcl arorr.d t>or., Cl^ildr.-r. r.o^d to r.r-rar/ulato 
t: V. ir.c Vr.<.t tl'oy are l^p.rnir),'-, Tcj^y r.-?^d a irtltiti:!-^ of 
ccr.croto "t: ir.cc'* that r^rrosor.t, reir.terr^ret and v:cvalir.o 
thcoe ccr.copts ;;::ich arr; 11. tended to be l<^',rned, InfoiT. tion that 
ic civ -jr. out for n-.err.orizaticn does no harir.: ccr.o of it ovontually 
firdr, an application, Hovevnr, the crec.t^r bonofit ir. tiymr to 
tG:.ch cffecti\'ely is to build your curricuJuir. on cbj^ctc that 
represent it. Then alio-; the children the freedoir to eOTlorn, 
handle and ir.vestigate tie r.aterial that actualizes the abstract 
ideas uhich you vculd hav^^ their rrd assimilate. 

I have stated uhat I thirJc the underlying ^o-'^-ls of science in 

the eleiT.entaiy grades shculi be. Kov, why choose a ther.e of 

linear ir.easure, charts and elerr.entary graph notation, if these point 

to ir.ath not science? l^y an^irer to this is that measurement 
(quantification) and comparative notation is the language of 
science. I'lathem.atical operations are the means by which t'^at 
language is made effective. In the Sc.me way that a child must 
fir^t learn how to read before he can read for inionration, a 
child will know more what to do with scientific irformaticn if 
he ..as already a foundation for knowing ;.'hat can be done w ith 
it and how to go about doing, it; 

Ar.J then, why limit oneself to Just linear measurement, charts 
and records with some basic science apnlicati on? The rest 
i.^;portant reason is that a teacher needs to challenge but not 
Lur -ass the mental level of the children with whom she is 
dealir.g, The greatest effort is ext'^nded tc tlie maths and 
recording of data. The scientif^ic application follows easily. 

If one attem.pts to approach ''measurement" in a creative, 
investigative m.anner and allow the full benefit of active 
participation, it must be realized that m.ore time, much m.ore 



:;r^ i\iu^ to bo i,...:.^ r^oror.ci bl'-^ for tl ^ f;rr^. l^r To;.cr>.t --■-^ 
or* t:-.o:; learn ard her th-y o^Tlain it, t::or. tl -y ; t b'^ 

jiv-r. t}.o tiir.o i;.>odod to rr.ar.irula bo, hy-^othoci^o, raniriilato 
a^vain, ro icon, thinlc and tiy the saro cor.clxinicn in vnricun vays. 
I'n: cura evci: a firr. beliov^r in this r.ethod h-.s rnrj ^:r^nlir.cz 
about "'.rouldrJt it cuct be oasi-r to tell'^..? This of ccurs- 
is r.ct t:>e rcint. ^vith ch.adrori the valu^ is not with tho facts 
but in the "dome" and allowinc hirr. to lay clair. to hie o'.;n 
pov-rs of reasoning. A child vho has been enccuraccd to trir^, 
to reason and tc rely on his abilities has conquered t:ie greater 
part of that vhioh is education. 

"One should never cram young Kinds with facts, 
nanes and formulae. To knov ther. you have no 
need of university courses, yoti can find ther. 
in books, ^ucation chculd only be used to 
teach young people to think and to give then; 
this training vhich no textbooks can replace." 

(l^Iinstein, Albert (in Albert Einstein 
by Hilaire Ouny). p. 147) 
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i:- r. icr.toGcori cchocl. 'Jho childr-^r. vho tarri.t :r.o hcv ar.d 
:.-h-.t t:.r.- cculd lo:,r;. '.'oro r.-lativoly bri,- ht otud-'.-.tc of 
I:i:-.der:-rtor. aco. Lar^y of thoir. attn^dod school full da.v . rd 
•••-d rrovious I ontoscori trair.ine- the second c-mct-r t: e 

children -..-re able to road and write '.rith ur.d-rctar.dinc, -..-re 
very -r.ll alone ir. all phases of naths and had rut to r.-.omoiy 
chip counting- by "2s", "5s" and "ICs". In f;.noral they .;or« 
v-^ry eacer to L^arn and quite well avr.re of the vorld around thein. 
This shcuic' be kept in i^md in reading over t?e curriculur., 
since it ir.ay soeir. in t^1o.cog to overestimate the abilities of 
the kindergarten age. In most instances it would be ir.ore 
si-.itable for first grade. 

Since a liontessori school is ungraded, the group doing 
"ir.Gasureir.ents" nur.bered ten at the ;;,ost, which provided the 
ideal circu:r.stance for allowing each child's individuality to be 
kno^.'n. 
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A special tirr.e, but net everyday, was set aside tc do "rnear.urerr.ertc" ; 
hcirover, the children could work anytirr.e durii.r ti-.e day cr. 
£,helf r-.aterial u!.d garr.^^s. ho specific tiir.e lin.itc '.:ero s.-^t. 
-fter a diccvcsicn, rorhaT^s scire cluldren worked for tirenty 
..ir.u:;^s on projects, while two ray have srent an entire aft<^rnocn. 

Others '.;ere free to woik on u.irelated activities. These ideas were 
kept in mind^ 

i; Alt..ouGh :t is net err.phasiz^d m t} e pagen tc follow, whenever 
-occibl",ask the children to g-uecs or "hyp.othisi-e" what the 
a/..r.-'r will be. This g-lv^.-: a decided sonre of invclv'-n.^nt and 
.'•■-nuine i. t.-:-,- o ir. ^'inding out the real result. 

2, .-.tter^rt to get a rr.cre through und.-rc>tandi2,g by varying the 
circu;;.stancoc with a; "■,'hat do ycu f-i.-k -.:c-2J h v-n if?", b'' 
"'.hat will it Icck like if vou use this mste-.d cf that?", 
"Can ycu t;..rj< of aroth^r way to do it?", d' got .^.^.vn>,ai 
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il.-^-.:- cl rL \cr:.j this - .11 n> r., 

-"^ ^^^v 7-^^'-^-^-. : ric^b .lie:; c..xX:o- c j Id zolv^^ l^^t 
• Chilcr.-r. ccr. bettor lu^d'-^rijtM'd ar.d ii^t-rrr.-^t t' o rrobior-o 

3. Trv' to keor fron: rost' xii.^-; t;.o ar.cvorc (r-r-'t or vrcn^-' 
t:..:t c cluld {:iveG» If ';.e has c^von a corP'-^Gt ^r.r-.:or yci: 

r-^. t^to it, ycr. arc i.^diroctl.y takir^c tj.e crodit icr ' } \t he has 
i3Mc; or holding-; an iriccrroct anc^-or i^r for ndiculo^ Both 
ci:coc underr.mo coif ectper;.» If cMldr^n aro ir.tororted, t} o;/ 

be liGtor.:>.£: ar.d if tho; are lictor.inc, t: o - vill havo 
he .rd '.:hat a peer has Suid ;-;ithout having it rornat^d. T:ioy 
M-ill also be ir.ore villing; tc discuse ar.d ccnsequer.tly e] cv r.cre 
c\ rail ii-.toror.t if tl ore is not a doranoering "Icno;: it all" in 
the "crcvd"> > , :/cu , tho toachor* 

4. : at-- rials jr.ust bo orranir.ed and rany t}.in£;s made b^; tho toach-^i 
^ee jar.9G ai.d shelf iTateria]') This takos tir.e but litllo ^rc-ense^ 
Tr.e crildreh >rill find ir.o.ny thincs in the classrocr. ;rhich cr.n 

b- us'-d for ir.easurin^- dovic^c. Hovrevor, a Ic^r^e store cf "thin£-s'* 

shovld be available e»c^ beads, blocks, til^s, stick len£;ths, 

^ string, vire, bottle caps, toothpicks, par^^rclips, plus: tho things 

that tho children narr.e* You will specifically noed: sissors for 

all, clay, cclorod tape, tack board, many colors of ccnstructicn 

paper, r.nd different sizes of scuared T^aT^er (l inch and { inch^ 

The only rocrranended rurchacosare ar-nroximat oly one hundred each 

of three colors of unifi:-: beads • Those are tuo cm square, T^lastic 

interlocking cubes, (since t}.e exr^ense is somewhat great, yoi 

could manage with fifty of throe colors' 

available from: Responsive ^^vi rorim^nts Corp. 
2CC wylvan Avenue 

"inglewood Cliffs, !>w Jersey, (7632 
Prico: ICC cubes SZ.( C 

A» Daicrnv and Company 
Vj9 Kin::ie Ctreot 
C'!: cagO) niincis 6c 6l( 
Price: ICC cubes C5»5v 



Jos (6;n: "Ills th. san. h^irht Are you sure juct oy 

locking?— .Tes,_^^^c^„., ,po„^._.,c^„ ^^^^ ^^.^^ ^^^^ 

har.c-s?— ::p, you'd have to rut- it there Tooth on the sair.e taoL^:. 
—Can you r.oasure? Have you boen shovn how?-.-Yog_^ b ut I or.ly 
knov- hov^to .T.easure rnysolf: y ou rut a n:l.r u. h.r. Uints to 

:^0H n:ake it f.o all th° vav do^n and thp.. v.,. w o. 

And can't you measure the toi.-r with this sticl^ 



— ::o." 



Piaget, Jean. Th<-- Child 'r. Cor. c.^r^f a r.r, 



01 



Gecin etry. New YorkrBasic Bocks, 196C, 
p. 42. 



(the above is the reaction of a child who has attempted to 
duplicate the height of a block tower built by the exaz^iner) 



:'.-.c toach^r c-rtainly >-.,v -> to ^.pJc. ..do'.;: tror.tc • c.ord:r." 

tc t;-.o ,.rc.v.r of ci:ildr^r. vati. ,:Lc:;. ch. is •..'orkir,,-. Abrv. .all 
tl; rur:-oce in all cac-n sl.ould b.^ to clarify ar.d to -.-cr:: vith 
the .^roblc.s ar.d au^rections off .rod by a particT;L.r clacr,. 
Althoi-.fh the outlir,. b,^low and in the text seer.s rat::.r 
rc.ot.t.cue, the re.u-.on ic that in all too r.any c.c^s, children 
r.ro expected to ur.d-rsta.d and to kr.ovr .ftor beir.c civ.n only 
one or t^:o exar.ples. .^Inyono who has r- 1- follo'.rod -..-hat" 
acti,aUy bemr learned by the children in such sur^erficial 
procra... f.nds that veiy little hac ro.lly been internalized. 

1. To rrecor.t >i rrcbler, 

2. ?c cake a judcjr.-nt ;.r.d tc take action 

3. ?c check the accuracy of the action against the rrobler 

4. To discuss the results of the "collective action". . .each child 
roassessinj his own original jud,-n-.ent. 

To repeat a sm.iliar Lt,±ivity 

6. To organ i::e data 

7. Individual exercis-^s, c^-,es and v .nation found in app-^ndi.rs 
I and il 

c. A'T^lication (this r.ay be included in xh- individual e.v-^rcises, 
ir. recording data or how it integrat-s with fi:rt:-r -rcblor.s.:' 

5. Picture books, stoiy .ooks and re d:.ng r.atter, found m arrendi 
III should be available at all ti-v.^s; sone becks are Particular 
relevant to certain acti ..ties. (So « Ol'TLlNt T:-^ se can b- road 
in part, to the children. 



?;v031ftr.s as such ciro u.nr.r.t tc bo 
o.n ."ctivity for or.« d^ty. A p;;C31.^r, e.^. 
5) 5^i, 5^; wor.ld y-? ir.cluciv^ of cn^ 
■pz-oblf^r. (or one day's activity;. Aftor 
ir.itiatinG shelf activities, small c^ovv 
activitios and games; it vill bo u-p to the 
toachor to judce the procnssicn ar.d 
concentration si^an of the children vho 
are i.-orking at individual acitivitos. She 
vill r.ake ti.e decision as to i:het:.er to 
call for a discussion or introduce a nev 
PRCBler", to the group as a vhole. 
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CGHR^^LAT^J) CLTLIi:^ (tho rvirbor a-Tter th^ onti;,- indicate -cir.<^ r.ur.ber 
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1, To c*^t a t taCk tl:p eai:,e 2 i.rtK 
ay t) o lino or t].<^ 

?o crt a ctrir of ^,r-r t. 
s'c.n'^ I'-'Hi;!]. tii- line 
cr. th? cirilKCocrd — 11 

3. (Hoj.-at. To G'-t -> vticl: V.e 
sr-'^e lerctr as Ihe line 
cn the chalkbc.rd. • •uso of 
cl bico ch';rt — 12 

Accurccy ir r^^acurir^g* •• 
Goldilcck's Strirjg Gaire — 14 



TrTDCRY~14 



3y-Vclic 'ctaticn-^17 ^ 



6. Handom liri^^s Kith ^ ^ 
notation — 2C 



7. Different Way to Measure — 21 ^ 
a]^ strr.ight lin^^s ^ 
b; randoiii lines 



1. Guesc and I''oacure — 35 

2. lot of Silvnr — 3o 

3« Ke(:,sure Jx)tto — 37 

4. GuocG I:ov; many unifex ard 
Katck (paperclip sCDre 
chart — 39 

3. I'ltch l^Xf" btick (score 
card) — 4C 

6. Go and Take — /,1 



cxce"* foi 




1. Lo. ves 



'Dleii.on 
tray — 



3* Ccrtrc^ 

4 • Arr .n^;: 

5. • Imoc r 
signs- 



• Mr. eo T 

to cclc 



dif f ere 



niiffiber 



•35 



. excerpt for books vUch are listed in t' e biblicrra' h;/ 



1. Leaves ir a bowl — 56 



■4 



tray~57 
3* Control board v^th ^ ^ 

4. Arr..nfrarg sticks~57 

5» 'imec papers using ^ ^ 
signs— 57 



• eo paror. . .measuring: lines 
to color — 56 

7» Ho;. licuiy? (noasureEent of 
different lines ^ — 59 



:»OKS 



Schr.^iv>r. lev ''ir ic: '^i, 



-icnr.i. iKC' It".^ Jrch 



rd . Lirtoi :;- or_ Lc as^rQcei.t 
(T rost-r* 



Shrior. Lets Find Cut ^that's 



Kessl^r. WhatTsin a Line? 



VacAgy. Goj n^ f c r a Walk 
With a Line 



Carona. Thin^- that Kcozvrf^ 
Benedick, low laich IIcv j\.an ; y- 
^^^^i"- nrst Beck of ?.:o ^.^»T.o^.^^ 
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GRAPH TI-XRY (inclusive of 
science ideas to be used as 
shelf materials) 

£• Measuring lines tc forn; 
a chart — 2? 

9# Making a chart — 28 



IC. Developing a Standard — 3C 
11. Develoj.ine a Standard, 2 — 31 



6. Graph game 1 — 43 

9» Graph game 2 — 44 

IC. Shoct and Chart — 45 

11. Race and Measure — 47 

12. Race and kieasuro^ variation 



THEORY Oil TiiS STAM)ABI>~49 



Froffi Here on Keasurer^ents, Charts and Graphs are all done with 



13» Car Racing — 5C 

a^ Introduce Find, ICaieer 
b' Introduce Find, Kaiser, dink;^^ 
c] Introduce Find, Kaiser, dinky 
medor 



Iccp pr 

9^ Crr. You 
".vA V r 

IC. Tl^ ' 



11. T}- III 
L .r-g- 

12. Th- T\ 

13. rte r 
^:hort 



14. Cbcta 
— 6t 



the Standi 



15. Find, 



16. Kind, 
voricc: 

17. Find, 
x^ciicsi 



II 



tion 



iser, dinky 
iser, dinky 
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Sr3L? KAT'^:.. ..L 

6. Me'tcure the f Ic or .gummed 
Iccp prefect — 6c 

9. Gri. You uuecs Who's Shoe, 
r.nd w riaticnij — Cl 

IC. TI.0 Egyptians Had a Way 
To ::3j.ci'rc — 62 

!!• T;:- Froljlc:. cT l^^rcer 

12. Thp Pre: - -r.. of I-.r. Black— 
6/1 

13. 'The Problen. of 'whe 
^>hortcut — 66 



3CCKS 



14. Cbstaclo l.easure: chart 
^6b 



the Standard Measure 



15. Find, Kaiser woikBheets — 69 



16. Kind, Kaiser, dinky 
wcricshe G ts-r— 7C 

17* Emdj Kaiser, dinky, medor 
worksheets — 71 



3ene d 1 ok . How luch Hcv I"an;r 

Adler. Giant Golden Beck cf 
Kathoiratj cs 

Epstein. First Book of I'.e.ii:u recent 

Hogben. The Vrond^rful World of 
^lathematics 

Lace. Ho w I>!uch How Far IIov yian ^y 

Asimorv. The Realm of Meatsrw 



14. I'vGteiy Kaps — 53 
15 • Treacuro Hunt— 5^ 



Til 




• 18. PROJ^iJCT: Making a standard 
tare meniL.ure— 72 



r 



III 



BOOKS 



19. Lapping in Pihds — 73 

2C. }:a^:net strength — 75 

21« M'^c^surinp the peri-nhory 
of leaves — 76 

22. Measuring Shells — 77 

23» The KeasureE:ent3 of a 
Stein--78 

24« The Diameter of a Balloon 
vorcus temperature — 8c 

25« I'leasuring Shadows — 82 

26. Height Versus Distance — 63 

27* The Case of the Vanishing 
3e.T of Soap — 85 

26* xlow Jluch Wat or Boils 
Avray? — 86 



Barr* More aeasearch Id^as fcr 
Ygung Scientists > 
"Does a Bubber Band 
Stretch IJvenly?" pp. I49-I5C 
(An exneriir.ent and grai^h 
of length versus vreight} 



ERIC 



ERIC 



riPJ^C:. i:: The childr^-^i ar'^ af;:':od to Gclve c. rrcblor..,* 
t;.o coluticn tc \:hich li-c m a ,^ot}:od. To ixrivn at 
a r.othod ror,i;iros analytical t} ouf ht, Sar.c^ tho : :r.d 
oi" a c. lid hac not yet douuced a syct^ir. of r'jticr.al 
actions, it rcr.ains to initiate situations v;:ich 
atter.pt to activate the rudir.onts cf Iccic, Th- teacher 
c'.ovld allow each child tc confront tro I.:C31or. 
unald-d by su/^yestod sclvtions. A toachor's hel-n in this 
situation r.orely stviltifies tho .^ind in p-rcual of its 
ovn function. The absence or precense of a child's 
r.ethod (by a child's standard) will doterinne the 
basis cf the discussion and forr. a bediming to the 
considerations and variations contingent to the linear 
propagation of a line- 

The essential point is to involve each child individual ly 
and by his cvn device in the initial action,- getting the 
stick. In this Kay each child has a vostr>d p-^rsonal 
interest m the activity and its results. If l-arnir.^ 
is to be authentic, then it must bo derived frcr. the 
direct annlication and concerned participation of the 
S'^L? to the situation. 

The LIScussion irhicli vill follow; Vn^ activity \Jiil 
r>rovide a cogrative "rool*' of t> abiliti-^c range. 
The teacher should refrain frcjr: making value ^udg inen'<c. 
nor position is that of a listener and interrogator, in 
general a director of the affairs, channeling ideas to 
a constructive end and encovriging total grcr- 
paroicipction. The -oerceT^tual— ^ ccncertual abilities 
of this age child have b^cn t ikcn i: to considoraticn in 
the outline of the activities. Therefore, during the 
discussion, V: teacher should concern herself \ith 
-'•velcving an'.lylical and logical thought, rat: ti:an 
';ith ••t^-c^-ir^-!'. 
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*v ^ ^/ J. .u.^^.ij^^ . o Gv'^rc> .MO: r t l.'^r. "l^c 

1:: c/.oclii:;^; tr.-ir ctickc :^ -^ir.^t Ih*- oriclnal li.. .2 
X/..? cilaro:-, i..ci{;>t ij.tc t/ o i.^',n3r.;; cf ''too 

t!::^ to cb-r find Vn^it child ir o::7--crirc c>. loo-, 

r.cy bo findir.c it difficult to rut h:::.colf -crcoc b^cvoirjo 
he lr,c;- t:.- vcrd v:icb vculd clarify thci -l.Lc. Tr ouch 

c citi-tion t'-o toacb ^-ivos tho ucrd e.^-j "rr^-^curo" fcr 
th.- dofii.ition v->ich th'^ child has alrer,dy iTr,do. Any learned 
vcc.b; l:iiy is ms'-^rtod as t}>e nood r.ris^^, i.e., it i:, r.ct a 
noed ii; itself. 
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Tl.rciii,:':: t:.e diccussicn and th^ r.ctivi "Li-jc cf t'-^ir •^o^rc, it 
'..•ill .i-3c:ne aT^paror.t to all tho-t ir; r.eacurij-,,'; oi- ccrr.r'-Tirc: 
. ix.-;e, in this instance A3, that th.- ii.strurr'^nt used for 
c^;.^^ai-ison .T.ust 'oo "ccncerved" at one end, i.-hile crct>T-ir.g 
the ■^x2Gf;£ at tl'i.o cth.?r or.d. 



(I 



B 



clntldrsn art. 



A3 ci: fro bor.rd (iijvtoil^lt. ; lor^.^ strirc of rar-r or 
ctrir;^;, sir-scrs^ 

DIS: 'rhe discucr.icn -.nil ur.dcT:btndl7 cont-r ?bcvL rev scr;o of 

th- children -.;ore n.ole tc ccir.o -..-ith a corr-ct ard nuit'- 
nearly accurate lon-th. (3ein.^ in t;:.-> irr.vediat,.^ circu- ctr.nco, 
r.c-r^' h .VG usod the lino on the chalkboard ac a ^:i!ide 

i.'hile they cut their strin dirr^ctly borado th« lir.p A3. Ir, 
a sense thoy aro usin^- the "Kincs standard" as their c^v-r.^., 
having no dUT)licated rorlica of th«ir ovn: . In the dircussicn, 
tho childr-^n should bo led to realize that tr-- length (f a 
tr.ing can be and for the most part is independent of that 
thing. 

The child has nov in his possession a ctring the length of 

A3 (the h^VT^othetical st.-ndard'. ?his in itself reT^roconts 

a gauge or calculator. The possession of the string £:avge 

-rovides a i-cans of "transpcrting" the constancy of an 

idea i.e., he now could go an.ywhere and obtain a.ny nur.ber 

of things '&.ich would be the length of A3. Tiy above all to 

r;ot the children to arrive at these ideas by oral expression, '^.g. 

"Maiy, can you prove that ycur string is the sar.e length 

as AB?" 
"Yes. " she does so. 

"Would you bo able to go to the stor-:- and get a ribbon the 

same length as A3?" 
'.'Kr,r.-jr., I don't know?" 

"^'Haat is the probler.? Is it that you would not be able to 

remember the length of A3 after you got to the store?" 
"Oh, I know: I could just take the string with me to reir,eir,ber. " 

(Whether the child says "yes" or "no", have hiir. explain hiir.self. 
In this way you can bo sure that he understands "hat ycu 
,TGant or that you have not misinterpreted hir: . It is best 
never to announce ' that a child is "i:rong": stay with xho positive. 
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r:;c:-. 



tc 



-iJ-JLJ..'. £cr.c;. c to.-.c,v 



(t: is oacily' b.-> dcno; 

v.. "i-.c;: do I kr.o'.,- it _ic thr- s-^re?" 

(^xr,7 hun;bor of ci.ildron vill va^^t to roch^ck, tr^ct and 

verify '..-ith thoir c"r. strir^; 
?2C3, 2 b: Ih^d -'crkoo.:.. i,^^,e^_(,_^ 

of a r.uantity (at this tin.e in lieu of cyr.bolic notation 
e.C, "^"bf .ns lon^^} m order to roconstruct an accurate 
imaco of that .fnich viil bo no Icng-r Gifht. 
"TororroK, the line viU no loncer bo on the board, ho" 

vill I reii;en.bcr hov lor.e it vas...how vill you r-n^nKberT " 

PliCB. 3: To rcconstn^ct Ixne A3, check and verify the line froi. 
the evidence decid-^d upon yesterday. 

FHCB. 3 a: 7ror. the reconstructed line A3 on the chalkboard, ask 
the children arain to co outside and find a stick that is 
the s-.r.e length as ti:e line. Ferhars you will have to 
i/.itiate a short discussion before the activity. Ti^, to 
encouraco as many different methods as possible. The children 
by ncv- vill realize that a ir^er.onic de.ic is a necessity. 

They will thirJv of inr.urerablc ways and r.eanc^- do not 

stia.o any idea (it r.ay be better than you thinlc-; f^uthorrore, 

self-confidence in dealing; vith a problein will fcstor 

interest and involver.ent in the activity and in n-.aking 

further jUdgc-nts. 
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?H03. 3^b: rrin^itive bar line_chart, done with tho actual iratorial. 
TroT)arG a Icn^^- ncLvro'.-: 
clay b::CG a^:rrcx. " thick 
on a r)iQCQ of art jcard. 
V^'ith an in:T)ler.ont, co^e^ 
- vory shall c^^ccve 
tiie lon£;th, with cross 
scratches to keep equal 
spacing. 





1 ■> 



".'ith coir.o idoci of "r.othod", r^^ccn^i"-.' in T^rovlruc 
the c}:ildr-r. vill roxurr. th ctickc. Oaricucly oroucl., 
tliey will be ir-ore dodica+ed in their offcrts thic tir.-i, go 
allc-.; ar-plc tir.o for ther to r>orfoct t:.n r.cci;rac/ of t;-;-ir 
c.tickG. Th^^ Teachor np^d r.ot interf f>-.:cor,t to mt-rrccate, 
ansvor .^uecticns or nrhai^s assist in a r.anual ^jay. As oach 
child coi.cJui-o that his stick is th« rrop-r lenfth, 
sticks It in.-< i..e clay bace, initio.lir-c with a toothpick. 
D^rpite all provious discussions: it vill r,robably lock 
like ^^-^\^'''llS-tA^Jinrfeo^^ 




discuss" graph " first; what does it shov? Elicit ev^r/ 
possible thcurht fror. all children} t}:iG will lead tc the 
errors in accuracy (Don't pcir>t out their errors, but if 
they are not perceived you then ask leading questions. ) Essential 
to this type of learning situation is that th- chilaren do 
the thinking and th"t they are keTjt actively m-vrolved in de- 
veloping their o n princit^les fron; their own voint of viev;. 

In the discussion of what the graph sliovs therr., the .basic 
precondition will have been noticed by children: all 
"lines" should stand rorpendicular tc a level base line. 
( Tne ideas will be determined in their own words and should 
be :otted dowr, for further refer«?nce.) 
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?AC.^. ^rir-ir.:- -It;, r.cc'.r.cy- L -.t^r^.-ilc : ctrirr, c.c.crr;, -^-^^c:c. 
wO:; cojctructirn por^^r on v}.ich Iir.«^c o:' v.- ricuc 

Icr.rt.G 5. ivo boon drc.;:.>^ r.ot chew tec rr^nt v:.r:.at:on 

t:-.c li/.'^ l-r.-thc. Givo or-^}- child a 
r^ai^or vitii lino a.\c. T.ell }ur. tc 
cut a string t:-) Gcr.o l^rgth. 

Joforo c:-.ric:;inf r'^call the 
rrobler. in Gcldilccks p.nd 
tho thr^o 3^a.rs : too hot, 
too cold , just right . 
(or too lon^; , tco short, 

:;ust ri£^:ht) Going around to 

each child, he verifi/^s his 

string length V7if: that on his paper: if he is not "juct 
right". Goldilocks (teacher, students' say "Goldilocks says 
too long." (or i-rhatover It will b- found th .t "Gol-^ ilocks" 
is an inoffensive critic with whon: it is r.cre fun to 
co-orerate. Bach card and string having ^been checked, the 
teacher collects all strings and x^uts ther. in a box cr "heap", and 
Eixes the T)apers on the floor. 

Game: J.'un's turn ; • xoacher mcks a strinr and holds the length 
up...iVun must determine which line the string 
matches. ••once he has decided he can match the 
string to the line, "Goldilocks says "just right", thea 
::iin gets to keep the string. Goldilocks says ^co 
short or too long " and the string goes back into 
the box. The "winr.er" of course is the child with the 
most strings. 



T:.?GRY: The activities involved in malcing ccmrarisons, measurinr 

^^'^ recording s-r\^e t}:e T^urrose of learning by manirulation. 
hopefully tire -:ild -..-ill find th.oso activities arrlicable 
! to a ecientific T>roCedure. He is too younc to :c to : uch 

rr.ore than obsei-ve scier.ce but if he learns hov to bor,T3are 
ai.d observe ouatitativoly he is. mentally capable of dealing 




..-lit;; .jor.-^r-^lmo (m : \t crd^r of difficulty^ vill of 
tl.oj-.colvoc T^r-voi.t t:x:.2-.i>>.- lo;;rr.ir.c: or ^-ry r^:-l, r-- o--^c::.-d 

i.-Mii^iilatic:: oi ccrcr^te id^..; and tho ctiinuiru j cr. irt^ro-t, 
cr:ldron of this af:.^ ar^ capable cf bcricfitir.c frc.: tro '^c-r.Go'* 
of vLi.t thoy aro doino". The '^ij.oor.cruity Icvol vitrir. tho 
different activ:tios, ar^d how fro; l.h^v ut-i purcu-^d chould 
prcvido a sran groat orou-h to int'^r'^ct a cir.ilarly vzs^ rar.ro 
of abiliti-s within a croup of children of the r.ar.e approxir.ato 
age. The first area is leo.rn:.r.c to learn. 

2; the children are learning tc deal ^;ith a' a concrete linc-^r 
and cocr.otric fcr:r.f>, b' an abctracticn or nun:ber, c' tho 
technique of lucasuring and reccrdinc their findings. 

3. tne children ;.'ill be approaching v;hat one gen "'rally ccnceivpc 
of as L^oience (natural and physical; for no other mhorent reason 
tiian that of n:e::curing a quality or diccovering sor.e linear or 
Ceor.etric poccibili tioc. 



So f:.r the v.'^ry basic rudirr^r/ts of approach havo boon introduced. 
Tvc further concepts arc needed: a fcrr. of syr.bolic ref-rer.ce i.e. 
'.:hen one says'*two inches'* instead of alvays oor.cr-tely rerrosontin 
it: and secondly, the n^cesrity of developing a standard cf 
r:.oacure. At this tire both of these ideas vill and she Id be 
kept sor;.ev:hat at bay. The children vill arrive at a rcint 
vhero the device or id'^a of ther. vill b'^ccrr.o obvicus in th^^ir 
a->plication: hence, inore nieaningful. This is a natural sequence. 
Arrival at a standard of r:.easuren:ent fror. the pnr.itiv^s to the 
tir.e of r.odern ir.an (S^^ 3CCKS fo.-* Histciy; has alvays been 



ro incicror.cible fr.ciiity to the workir.£: cc.or.tict. 



t: iG roir.t ir.trc.iuco G.U.Ti (ArT^or.dix I], S} -^17 I.V:^.::a:^ 
(--reiMix 11:, allcv chUdr?;-. th'^ bonofit of f.njr.bir.j through 
cc:.-e or t}.-^ bookc (3-=;^: COIl.i^LAT^D Cl?Li:; list-d m tho 
BI^LlCGIulTilY for tho childrer.b library. I^ead to tho.- son-.e 
portiiier.t selection;;. 

Since all of th.-. c^.ldrer. will not r.ble to rr^id sufficiently 
-.-•ell, it r.ay l-o necoosai:/ to "de.-or.str:ito" tho rrcceduro of a 
Cv-r.e or exorciso. It wUl b^^ r.oct b-oficial for fro tor.ch-r to 
le-.d individuals, or sr.all partner c^ovvs into variations of 
■..■hat l..ey aro doinfr. Ack the::, questions abcut t:.oir -..-ork and help 
t}:e:r. vith r'jcordmc. Introduce no-,,- FP.CBler.s tc fill a vac-ncy, 
lull m interest or need. The teach-r shou'ld include additional 
P^<C31er.s of her cwn as fney arise fron: uorkin^ rith h-v 
particular group of " children. A call for a discuocicn vith a 
cr.all ~Tox:v or for fro froup as a vhole vill fcllo-.; fron; the 
dictates of ne-d, the coc^ron sense and ingenuity of th^ teach-r. 

Do net interfere vith the childr-nfe -..-crk esi^-cially if they ar- 
ccncentrr.tinc;, regardless of u}.ethor you think th-, ai- on th- 
-..•rcnc, track. If the child is involved in his rcrk, he vill soon 
find cut -..-hethor he is stur.red or not and he ■.-•ill f: or. ccr:.- 
to ycv. Cn th- other hand, it rr.ay well be that you havo r.ot 
really obcer^^ed hi£_netho_d which r.ay bi r.ore creative and of 
better use to the child than ycur sufcosticn. Leave rlenty of 
tiir,e for t}-.ei:: to arrive at ;^cr.e type of solution or "learning"; 
It can never be assu.-r.ed that having done scirethmg once, that 
it is knoi.'n. 



< ? 



< - 



c. 



c. 



< ' (TiL: r.bcut ^.y'^.t-l^^• how th^y look, vh .t t>->;/ c.t r.<I fci . 

:!xpl-.in '.;h-n thin ryr.bol is us^d, the len^thc cl' izz cic-r r.r^ ro-r^c-r. 



^4 . u . . 



:cL ..o ni//o. t t. ^orc or. : 



> 



Ac'.: vl.ich rid- o lcr.i:;^:-t lir.^ ^ d Id en"- ( 
- Icr.^- lino or: th-^ rrq^er tide. T: pn :ior: 
a c/.crt lino ^/oulvl fo» 'Havo hiiV. rut 



c:.ild 



-La or. c:: r iuo 
hcrt Mr.r- ir. ^. p]ac^-c) 



"^r.-lrar. t: ,L it dooc net in .tt^r ^.-hoth : ^/ ; c ^ 

^ : /cu r,i;:nys r.ut ti.o birr^^- thm^; or nur.bor a. 
side -..^.d ti^o littioc-t thi:^^* or number on t:.^^ sn.ali siuo. 
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}":X3. 4a; Dr:/- t-;c li/.-c c2\ tl.- cl'.alkbc- -d 
that one is Icn^or than t}io ot}:er: 



Vic:-.] ::' c; 



a c,:ild to 



rut a c^i£-: ^ or ^ 



< 



u'^ti. p -^n th o t'.'o lirs'^s 



4- 



-X 



ywC3. 5o • -^iearerit tl.o procedure usir.^; thr'^o lir. s: 



-.V? t; 0 ci.iidrer; i:-.D3rt tl.e ^: 



or si^-ns : 



> 'I < 



(Xot^: you :.:ay hav- 
to r^r.ir.c tr.-^r. that 
as in r^'vdir.f , ; e 
also r^Tid t: 0G« 
r.ct-tiorr frcr l«ft 



Lo r.ct '^^race ricturo: but ;;rito: ^ ^ 

xher. \-rite o}.^ sarr.o in a diffor^r.-c crd^r: ^-F ' 

..c:: t:.o c.lur-n iT ti.o . c:u. I'ioxr^ cut vLit ci£:i: to rut betueei; 

t.;o '«:.r':o /.roups of lottors;* 

'^'ry rcsoiblo cci:.bir.aoicrx, hu,vi-(; tho childr'^n rut th^ cirr.G 
in t: 0 rrcror '»:ay. 
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. If, 



t. .-^ c.^ld'c r.ct.t.ci. 




Ah 



■^-.cr. child car. tr.ke one ar.d rut sif^r.s in trc p rop -r rl-c--^ .-r.:" 
t..2n -..Til;:^ a b^lovr. SncouKit-o oach ci ild tc thiri; of 

ar.ctr.-r arrar.co::. ora for his statemer.t v.hich '.;culd slsc b- ccrr-ct. 
^■:cte: tVe rer.air.irig -nariers car. ce clir-red tog'^ther and rlaced 
cut as shell material, along vith the other ^ sign probleir.s 



: ..V. >. >: : 




vnte belo.;: A6 fE 
IX- c.To \:o ccinr; tc krxv: wh.ch Gi^ns tc plac^ n-^tv-on t} '-; throe 
£rcu7s cf let-tors tL\t rerror.ent the lin-s? ( T..e childr^i": 
r..- su^'r--t t> :t if Lmes vere ctr.ndm^ uv str?-i£:ht, th-y ecu Id ' 
"see" or tl.ey r.ay sufjest rr.n'.ci:rii - :;ith c.trinr cr r:cr:o 
other ceans.) Wcrlc vith t}-.- suQ-stici^s C-v-n, sc th'^t t' p;/ 
o,.;n ccr.plete the statement: A^^Xy^FE 
/.'ithcut erasing the lines or stater.ent, ask for oth^r vays 
to find an answer. Test each suggestion against t}:e ori{;inal 
on the "board. 

A^ain have a stack of papers; eacn v.th three lin-s randomly 
dra;rn and rooin below to write the statement: 




Jiw. a lii.- AB on l..r/- ^.-.^r cr fl.-t cr-illcbo'.r . . 

H. ''I.cu if I V tnt; to '..rit^ dc:;r. i'Oi: Icr.r t!.-^ li-o ir. ';::-t ^-lU 

It r.riv 00 tl:.ro you ^.^11] hJ.vo to v-c.: -..'hrit diTror-r.t '.rays they 
cai". ti.irilv ox" t£ r.oacuro. . .onco "b^fun, tr^ c}-ldr''ri '.'ill 
t;i>i: of u^.-;ir:orable it-r.s (unitc]^ to uce: o. c* > o^-^r.c, 
toothpicks, T^aporclirG, rocks, thur.btopc, raicir.c etc. (i:ote: 
h^r.-.^ftor ar^y ur.it oi^ rr.easiiro r.ay bo ,^iv-n a cynbcl, -.f;., 
2 tt (two thurttops}: 2tp (two toothpickc;; rk (rooks); r (raisins)) 
Q. :^o'.:, if ycu have two liiios A3 and XT, (draw on rr^^por or 
chalkboard) we can see^ that A3 is Icncer tr.an 3ut 
A if I want to ^.rrito down how lon£; 

each is, w^o havn tc Viz<^ a 

J • "unit". If wo use unifix, how 

long is A3? have a child measure) 
How Ion- is XY? (h^V" a child 
measure' Write the answers under 
the lin^s. 

DIS.: (presume) If AB is seven 
unifix and XY is five unifix 
and I eraso the lines (do, but not the information) and just 
say line AB is seven unifix and line XY is five unifix. 
^.'ithout seein£; the lines, can you tell which is longer? 
(a cuanaty "7" is more than "5") How do you cxT^lain your 
answer? Any other ideas? Does anyone disa^^i^ee? etc. 
Then we can say: 

As > xy xy< A% 

H. I.ov, if A3 is BevriT. unifix (ndrai; AB and XT} ; lots 

ir.o-.Gure XT in raisins. He-,; r.an.y raisins do you thinlc it 
will rr.easure? (kaiy r.eacurps XY as 2 6 raisins..) 
Q. ilov. does it harpen tl.at the longer line A3 is only 7 
unifix >.'hile ths shorter line is IS' laiGins? 
DIG.: (Ycu Gho; Id rot many valid ansT.-ers to this, vithcut rushing; 
houo%'"r, lic.to^ to what is boin^ caid so that you -i.'ill 
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:t :ray bo ti/it cccot! liV; t].:,t ccundc tc ycu incorroct, 

It r^^ally an accurat.-^ ar^c.-'or, tho child is -'uct 

Gt'.tir.;; It in a diffcrort "./ay or p^rharn a dif '"^ront , 

rorp int'^r-^rt in.^ ar.d creative Tolr.t of vi^;.- , 

P::03. 7a: If you havo cor.o lines -^o .v.eaeuro A3, Tf, T?, draw 
these throe line at variance to each othor, and 
do not show any great difference in len^t'*'. 
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DIS. : Q. Can you tell by looking '.rhich is lorroct? 

V.hct do you vich to vise to r-T-.sure? Only on'? rule 
j-t lri£L '^0 bo m unite; you can't uco soiretnin:; like 
string, becroisc I h ve to write do^rn tho ans':-i. 
If children choose to use e.,?-., raisins to r.easure 
all three, lines, ask their, vhy they did this, and 
why they did r.ot use three different unite. 
If they do use three differing unit;-,, one for each 
line, exTilore the rrobleir involved. i,'h.ch ic 
lonrest? Kow can you tell? Asking other children 
to agree or disagree with any ataten-.-nts ir.ade is good, 
Cbvioucly the point in this TRC3. is that within 
a given circumstance any cogent, and valid comparison 
has. to bo i:.ad9 against the sarr.e norr,. 
. e-oax h-re: (and if n--^eded a,ra;n m the DjS/ 

A^>£F>XY or AS>Xy<^f 

DIS: The discussion of the above question ir.ay involve 

r.oro than :ust tre above. It -ay lead into rei^oail:-., • 
ar.ot}.or circur.stance, allowing a child to -rcve out 
his reasoning or a child offering anoth-r set of 
c\rcur.ctar.cos which have tc be proven o". t. Do net 
jUr.-.T) tc hastily frcT. one ?::C 3. to anot,-r,- be rr.r- 
each y:.z been throughly discur,£ed. Gonver-ientlv, 
C-'^.OG ar.d shelf oxorcises will allow tho "sor.se" of 
a P1X3. to ottl^ in. 



of t;,o dirro r.^>:1; ty-oc (e,:;., tin:,^ ac-inst di:jtc.r.co; of quar.tit-itive 

rc .curci..r2:t.^ cr. ^ or. l].o horii:cntc:l ...xir. :.rd cr.o or. th^ vorticr.l axic* 

;:cioi;tific or.do.ivcr, ono ir. ir.volved ir. ^^j.^tl-Ti-r- d:;ta, h/roti.r?ci2inff, 
^:q^orii..or.tir.c', crj-^- ir.i:;^- r-i;vatc crnd thor. ro^o .tir.r tho cur.^ lino of 
action frcr r.noth-r T^oir.t of vio-. Ti.o er.d r^-ult ic a cur.b-rcor.o 
vprbia^:.- of nt.nnr,-r.tc, cilcu] :.t: cr.c ar.d fii^^^ir^^o, Cl.artir.^ 'contc a 
V-ry efficient vay of ror-reGontin^ and viGuali::ir£c data. ?urthorr.or^, 
::...ny ctatictico can bo coir.r^arod in Juxtapocition. Helaticnchipc that 
ar- rovoalod in a chart arc oft^n undotoctod if confinod to puroly 
vorbal ai.olyoiG. To cciontific inquiry, charts and c^c^rshz aro a chort- 
hand codo for or^-anizin^- irf orr.ation. For cI ildron charts aro a fun 
vay of lociz^rAnr. Chartc can cornrrunicato ir.fcrration to a child* A 
child '.rants to knovr ano to und^-^rctand but many tiir.ec he dooc not "c-o it" 
That is, hie in: nd is unable to interrelato a ^^ivon set of ideas; or 
ho does not undorcxand that there is any ir.rortanc^ attached to ideas 
•'a*S '^b", "c", since verbally they do not sccrr. to bo rolatod. A chart 
enables the child to visuali::e or "see" in such a vay that he can 
hotter benefit fror. th^ sense r? the thing that he is learning;. 

^10 children iT.ust first :-:,rn hou to r.ake a chart, The prolii::inary 
offort is to stress ti;o r.i jnif icanco of the horizontal axis* (T.ie 
v.-rtical axis ;vill fall in naturally.) After this the focus is on 
how to •'read" a chart and vhat they can "tell" you. These efforts 
vill bo stressed in PX31er.s 6 and ?• Thereafter, discussions of 
various charts that the children have r.ado will further illuminate 
their Gi{;nif icance. 

(Koto: sinco r..G31or. 2 the curriculuir. has st'^.dily b^en leading up 
to the actual PROBler. cf r.akin^ a chart.) 

l>:ccurace individual children to interpret their chartr. ir. ^rritin£; 
\-hioh can bo on or at Laohod to t].o chart. To further soivo the 
Turror^, children in ^toutg can bo allowed to exchange charts, 
r-^ad the infor;:.aticn jivon, and see if thoy can thirJc 
cf questions that are not ani^wored or thincs that t} oy would 
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i'c ;:r.d i' "^...'Airo Scor^c 
''"or :.ay 7, 197c 

Tl-.pce sho;: tl.o rvr.'b-^T of tinof; 
tnat Jchia ard .T'lCk ncorod 

oi) the board. '.V-. did net cc\ r.t 
any othor r.ccr'^r.. 



A grcuT. of children exan-.inir.£; t]-e above chart want ti,e ancwerc 
to the nuections bolov civon. 



Ho',.- mariy tir.os altorother vor^^ the cars ran? 

■:.o:r r.any coro tl r r.or d id John vin than Jack? 

h'ovr cany lees wins did Jack have than Johji? 

V.'hat color vas Jack's car? '..'hat color vas ffohn'c car? 

Do ycu thirJc "tho scores '.;ci.ld be the car.e if they traded caie? 

■Piy it. 

•Vrite down what your vertical lino (axis'; shoHs. 
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^.aturally, ir. the prelmirr.ary staroc of charting, v-r/ 

Gir.plifiGd t?chrdques should be usee' as vac-, see.-i ir. the 

Slicks placed ir. the clay base {TRC3. 2). 3xar.i.lec of ^U~.r^nta,-y 
charts vc- Id shcv a.. i.T.cediate Transfer e./-., the actual strin- 
lor.G;th3 are sir.T^ly taped to a parer along a horir.cr.tal axic. 
- ceccr.d otrco r-pror.entr, a chart that "grew" e.g., a c-ain of 
rr--or cIiT^s of unifix beads -.rhich can tho>-. b- uegJ. as such cr 
l.-i. c:.roctly do-.;;-, or. pa^^er a^.cl t-v.co. arci.r.d. Third, a s.-ir.bclic 

chart, this vill have a one tc one ccrr^rpcrder.ce but th« 
r.otaticni; on the chart ^hethor pl'i:.-"bir" cr"rictrro lo.r"' only 

' ^"'^ Jr.easure, they are net an exact ror-lica cf the 

thi.oc uced. (s-o racturr>, next T-arcN The dat>-er'T. a;^d chart. vork 
aor.o -..-itr. GA:.^3 ..-d ccorocardr. ar- cin,rl:fied bar cliarto ich 
uall r.rl'.o ■• r terprotationc cf the i..cro "abstract" -.vork r^vdov to 
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:"ple: using past-'4-un colored pa;^e r ost s 
::uj:.ber of bic ctsps (3 S' Cj 



3 S fro." rohcoj rccir. to lunchroor- 



= 5 3 o 



3 3 fror. ::cl;ccl rcor;. tc office 



3 3 frc:r. :;c"I.col roc;: to T>.^rkinr let 



( The r.'oovo GX.-.r.r'lG car, "b-^ usod as SII^LP kA?'^. .lAL chart ^.-ork 

IiS__2iJC£l£i2iiP.i?_£L_.!l^vi^ jr. Findr" -p.-xrer. 'J'^'^'j ,*! 

It i£, supposed that it is hotter for tho child to ro-nrocont hie 
ir.crcr.or.tG ay picturin£; tho uctual thine that is b'-in- r.^r.BViTed 

or picturinc the thinr ^ith v.-h:ch he ir.oasured. (see above, chart 
pictuiiae rose-bush leaves;. Hov.-ever, it was found th"t difficulty 
m dra-..;inc- and in ,7.ciJcinc exact duplicatr,- of tho sar.e incror.ont 



i;. r..oct c,-.toc, i: ror:.'"d .-rcro .--■cti-i: 2.t V:.\r.. r:-l:ir." t' r. --.ort'-l 
tv.-.r.rf-:: .--"cclorod bo v" r'^-i-?:- ^r.tr one rccc loaf. 



•Oirc.-. clv.rt n.r.virc ^r.d cr^-phir.c arc ckillc '.-rich fol.or cor.ovhat 

T.toi ;v.l-c, th,- rAic.'ectior.o of f-.- teach-r vill bo r.ooded 
---i.o. needed in a vay which is more dir-^ctivo than in 
discussicnc. She vill need to point out :.- f fo^-^nt virjo of 
-re^recont-.tion. She r±cht also find th-:t a ^iff-r^nt arranc-^.-ent 
r.irht sho:; a sicp^ificant feature; therefore r.he would sit 
with the child trying- firot to cet him to"play" -.fi±h oth^r 
arrancencntc to find if he notices the difference. 





? 1 




' 1 


_ 

t 
1 


1 




(■ i 




( 

1 

L,. , 


i 




I 
1 




i 






1 1 

i 


! 


! 

{ 
t 

f ^ 


synmetiy ^> - 




1 



^( L- 



'J 



(the above showing the perip-i^jr of five leaflets of the 
coEpound leaf of a hickoiy tree) 

The children will also need manual assistance and help In 
maintaining repetitive accuracy. 




Jj^: v^r.troducp c.c rrjct^ry line?) I::ive tre chilc'rf^n ack 
.all kinJe af questions about tho taioe 1 nes. 
**ArG they tho crx Inr.j^jth? " 
"V;hat can ycv tell abcut then?" 
etc. 



rX3. 3^ a: Drr:: bace line on the chalkboard a:.d arr::.n£:o tap^r 
on line: 

DI3\ nhat do the 

c]^.ildx'=^n see nov? 
Hov; does the 
■nicture look 
|,j , I ^ii^ferent? 



?iiOi3. 8b: Arrange ta7:o£ in an order: 

1 



U 

U — uL 



A 



!i 



LjS* Wli't do the 

children c^o noK? 
.lov doec t; e 
^^iCoU^^e lock 
diff(^rent? 
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DIS, : Ti.eso i:,^a£uro t; e i'^ngth^.of ccir'-^thi r i;. Ju. t by 
lockir£^- can ycu t-'^ll :-hat t- ^>'r or thmc'c tl cy 
rrear,ure?» • . • (ho^ VAiy" . . . .\:oula ycu liko tc .:nctc? 



... 2B 



■ t'Cr. Id.-d, ,-..-t -.o-I^o jt o.^ 

c:c- t.r-.v ;-.t t;- t.tlo. f .-y - l. ;.;5lo to 
.•roc or road tl,^ oth«r ir.for,7,a-tion. ' 

c;.ij,„r-^i. tc cc ' I'-^to t; Libollir^- for V. ^ d;r.rt 
'"'7 ■-c.:i:-.c ■"U- r ticr.£ . . . t';G7 r \y ',;:jy.t .-/on tc ^ut 
ir.fcrn.-.ticr. tr.n d.art th:.t ycu hr.d rot t:.or,-;: t of. 
Do this, if '.;it>.ii-i r-,-.ccr., or if t; o ct- ci-.ildron 
a^-reo lh;it :.t G;:culd be or. t; o "pict;;i"" for th^^ 
Erie- of .:r.o-..-i.nc '.:l:r.t the Cuavt is a] 1 about.. 3 
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PHC3. 9: :.a]ci:;g .'^ chart 

l-.atorials : 

1) K.vo or. har.d c-v-ral different kinds of loncths to me.vuure, 
Ice'?r,ir.G in mind, these 1 -ncthc should not bp too lon^j . 

vLive the notion of scalir.g for another occ-sior., co that 
t.-.o cost sali-r.t features of chart r.aicir-c are "isolated" 
for this time • ) 
• e.^;. the center veir.s of s e.l;r, leaf V 

ir.arl- leaf \ Ot: l^/^t, $itii 
pm oak leaf / 



:.::r;u fii.^-^r, foct, too 

l'^i,,t;i; cf Gr.all nr.i:..r«lc; ir. rccr. 

hAi.}.tc of ciff-^r^Tt rl'r.tG ir. rccr: 

2. th^ bo:^oG of"r::eacur^ stuffs" 

3. ccr.structicr* rarer 

various typoc of Dencils and rr.rvrlcerc 



(iPte children will work in threes or partnorc, whatever they 
decider Ro:ni:*d ther. first about tiie r.ote frorr. PRC3 2 
abciit the sticks in the claybase* 



DI3: (After t?.e charts have been rade) In the ^rour, discusc 
the ciuality of each chart '-^-^ det'^rr.ine fror th^ childre 
"nhat ralces a r ood c h art -icture" . The children \'ill 



undc'ibtly talk about charts "that are' "n:ecsy", "ccribly" -nd 

"hancin^.^ in air" as well as those that don't r.ean anything 

"to anyoi:e but the person "who niade it. IJncourafje children 

to r.aJce charts fror:. an ^.ptistic, intr^recting point of view; 

provide rr.aterials (at all times) that ;?ill stimulate an 

artistic, Creative approach. this vill make ,charting a 

"fun project" as well as a learning process. 

e.g. (from a creative child's -noint of viewy 

Some materials to provide: 



Hew 




Art papers 
Gunmed backed papoy 
Different typ^s of stickers 

to us^ as increments 
Colored pencils 
^^j Colored tape 
Crayons 
Yarn 

Cut cardboard figure 

incremr'nts to trace 
around 



S-I.^ct tvc l.^ad.-rc for two tril.on. The lo:ldr^^c: clould thr^n 
OocGo UT. t<-ir triboe o.c* Thil'c^ tribe ard Mch's tribo. 
Take aoidc e.g., Phil*- tribo and docj io uitr thorn a coir., on 
star.dard o.^Murifox (this is ker^t secret fror J ich's tribe). 
Then dra;; lines of the same lonrth e.^., eight unif^x , each line 
on a separate sh.?et, enoufi:h for all mer.ber8 of k'ioh's tribe. 
Phil's tribe then distributes papers to all mer.bers of Mch's 
tribe and tells their, that they are to measure their lines. 
Jsich's trib( vill undoubtedly measure th^ir lines individually 
each using different units. Having done *his Phil's tribe 
puts them to the test: 
Tribe P: "how long , I^'.ar?" 
Tribe ]•:: Kar £>ays, "16 raisins" 
Tribe P: ''Xo, not hr our standard" 
Tribe P: "How long, Jac?" 
Tribe I'i: Jac, "ten pap^p clips" 
Tribe P: "lio, not by our standard" 
Tribe P: "How long, Fin?" 
Tribe M: Pin, "eight unifex" 

Tribe P: (Xeeps this in mind. that Fin ."'ct however, no 

indication is given until all children in tribe K have 
been asked"how long".) At the end, all children who by 
chance had measured with unifex are asked by tribe P 
to come over to l^heir side. This can be done sev-ral 
tim.er^.- TOie "exclusiveness " of tribe P was established 
in the beginning; without saying anything, the children 
get the idea that they would lifee to be a mem.ber in 
good standing with tribe Pj they assume tjrere exists 
a specific way of gaining entrance but only those, 
that have joined tribe P know the ansv;or. Once the 
remaining children in tribe k come to the conclusion 
that the game is unfair because they know for sure 
that the only way to gain entrance is to know the 
"standard" and tribe P will not tell them...^hen cut 
the game but do not assuage their annoyance, this is 
the v?ay to heighten the concept which you are trying 
to put across* 



DIS. : What vac tl o far.o abcijt? 

Wliy did only sciro children c^t to join f^ar, P,? 

ycv think tribo P has a xufht to ^tcc^T^t irtc the tribo 
only thoGO peoplo who uco their standard? Why'; 
Ik) you thinlc it is fair to have a standard? V\yl 
Is a standard useful? 

Ik) you think if someone has a standard, that he should 
explain vhat it is and how it works to evoiybody 
else? 

( Keep asking questions, depending on what ideas and 
questions the children raise, until the subject is 
exhausted* ) 
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PROB. 11: (should be done the following day, or soon after) 
Divide children into two countries as in P.R03.10^ by 
choosing up sides. Draw on chalkboard a siniilar represen- 
tation of v:hat they will be given, presenting the situa+.on 
problem and how they a re to tiy and solve it. 

^iich child in each countiy 
will be given a eSver wrap- 
ped candy; this is eymbolic 
oi their nations wealth and 
riches. If their nation 
is the one that is invaded , 
they must give their wealth 
and rich()3 to the invaders. 

nJach"nation" will be given 
a map of their countiy. ^,3oh 
country has an express 
highway, ffiarfced on the ir.ap. All citizens live in a town, which 
is marked on tro map, and .-hich is located at the end of the 
highv/ay. The citizens of countiy "Zim" and ct-mtiy "Axe" both 
decide to invade the other at the same time, it Just so happens 
that tuere are no. tactical caneuveis involveti. The conquerors 




"ill sin.ply be thei nation who han t'ro shortost hichvay to tra.'el. 
I^ow 1/0 only want to determine which nation hac tho ehcrt^st 
highway, that is all,- then ve will know who are the conquerors 
and who will then get the riches of the other nation. Ask 
if there are Questions? 

■3ach child is given his candy to save. 3ach nation is given 'its 
itap; all childrer should see botr maps .but not the unit that 
will be used. . ^ach nation is givon the ir.ap of its countiy 
marked with the town and the highway. ISach nation is given 
the unit of measure that they are to use e.g., the nation with 
the shortest highway is given the shortest u nit: the nation 
vith the longest highway will be given the longest unit. Have 
the naps ard units prepared so that you are sure that the 
shortest highway measures e.g., twenty-one ur;ifex; but the longest 
highway measures only e.g., twelve bobbypins. 

Hopefully there will ensue a confusion, bickering and refusal 
to give away candy since the children having seen t? . .aps, 
have r.ade a previous visual judgment. Then when the unit 
figures are given and the "short" highway attempt to take the 
candy from the "long" highway, they will object and call for 
some type of remeasure. At this poi-.t call for a discussion. 
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D13. : Why t}io arf^j.T.^nt? 

V/hat cculd b<a done to solve th" arcurr.or.t? 
What shall we use? 
Do all acree? 

What if one nation -.ttemTits to say th t th^^y havn loss 
units in their highway than they really have ....iust 
because they want to be the conqueroi's? 



(note: In this connection it would bo appropriate to read selections 
from. any of the following books which give accounts of 
how and why standard measures developed in tribes and 
Hir,ong nations... their problems, ar^ ents etc. 
Benedick. How I-luch How J.fany? 
^^ler. Giant 3olden Book of Katherr.atics . 

'^he First B ook of I-easuremPnt . Chapters 1 and 2. 

The Wonderfi n World of Kathnr.nti (para^rraph 
Rugg. Cornmities of Men, pp. -98-99, selections) 



APPENDIX I: 

Gaines and pharts 



all game boards can be cut from light weight poster 
board, drawn with magic ir.aaxers and covered with clear 
. contact paper or sprayed with a plastic spray. For 
storage purposes, you will find it convenient to cut a 
game board in half and seam it loosely on the baclf with 
two inch tape. This will allow the board to be folded. 

You will need a coed supply of at least three colors 
of unif ix beads , ) 
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oy^SS .i:.D ;/^lL>l':i:^ (visual diGcrinanation) 
t;;o to four play'^2*s 

1. c'iir.e bo?.rd (ccr below) 

2. a box of string: lengths the same as the lengths on tho c^.rr,e 
board. For an^- lon^jth on the board, there chould bo two or 
three ctrincs of that length to match. This is dene so that 
the children do not play by the process of elimination. 



Ga^e : 

1. A cliild chooses a string. lie must guess which lin^ it matches 
b'-^fore -Dlacing it down on the board. If it mrttcheo, he keeps 
the string; if not, he must return the string to the box. 

2. The winner is the child with the most strings. 

3. Variation : the winner is the child who has the longest length 
of string when he places them end to end on the floor. 



Board, stage I 





Board, stage II 
(on reverse side) 
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. : C ; c i;> (puir^oco: dot'^rrnrang Bhort^pt rcuto, , , v) ich 
in thic cac^ ic not alv^iyc a ctr'u b' Imn,} 

* tt ^2^1 air ; 

1. board 

2. r^ot.,.^;ith a silvor wrarr^od "H'^rchr^y Kicc'* 

3. unitr for ir.eaGuro (childroii rlayinc can d^cido on, but obvicucly 

both children inust use same^ 

1. rlay^rs dotori-me which line they will, u?e as a route 

2, player one puts down one unit 
3» player tvc puts down one unit 

4. etc, 

5. the. player who reaches the "pc"t" first c^ts the cardy bit, 

6. another candy is then placed in pot,, .each player jmst choose 
a ^ different route i,e.* he cannot at the came sitting ever 

u&e the ^air.e route twice. 
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:>.-CAblKT/ ;-..ATCii LCTTO (tactile discriin nation) 



two to four players 




Li 



L 



bag with striT^s of wood of lengths 
that Katch the lengths on thq lotto 
cards. 



lotto cards (4} approx. ll"xll" with 
about six vertical lines on each. 




£a£e: 1. child chooses a lotto card.. 

2. play 1, child feeltj.in bag, 'without looking, for a vood 
length which ir.atches one on his card. If ao pulls one 
that does not match , he ir.ust return it to bag (he gets 
no ir.ore tiys unt±l next "round"* 

3. child who completes his card first is the winner. 



variation; as childrr.n get better, you can tighten up the 
competitive ang.e by allowing a child to "hold" 
the game as long as he keeps choosing a length 
which he can use. 

Scorinii: done as chart, will hold int.,rest in playing the game Khich 
then has the eeimblance of a tournament . .Chart may be "in 
l,rogress"for one or two weeks or ker^t up indefir .itely, 

adding to it whenever the children play a game. (Before 

school? ) 



J-.-^^ASURy^ATC}; LCTVC (con't) 

Scor.^board bar charts : (precede any chart woric with THCX, 6 

and 7 Charts and t)je discussionc) 
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tvc or rcorc rlayeirs 

cno £;rx.o c:dlor and scoro keeper (onr^ child) 

k^-t--^ rials 

!• c-^r.o beard 

2. hanging rarer clir rr-^.ph apraratus (can be us.? for other Graphs) 

3. napor clips 

4. unifix beads ( two cir, interlocking cubes ir.ad" of polyethylene ) 



see "materials" 



Gar.e 



1. Gaire caller points to c line on the board and asks rlayer # 1 
how ..'.any unifix it will take to exactly measure the line. 
Playor # 1 says -five" and then lays down unifix— if he is 
correct the score keeper ruts up one raror r^M-. ^v, ^i.^^^i^ 
"hook" if wrong he does not get a point. 

2. Game caller repeats with player#2 (pointing to another line, 
unless the first player failed to score on. the measurement of 
his line, in which case the same line is used) 

(Kote: the score board of hanging paperclips form.s an automatic 
graph . ) 

length of wood with hooks 
screwed into wood at intervals, 
can be tacked to wall at child's 
height. 



±£jt£^- The vertical lines are cross marked at points of five unifix 
to get the idea of smaller 
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units coTiposing a longor 
unit (but DO NOT tell 
children that they are 
marked in this way, let 
theri discover. The maxke 
on the board are (enough 
of a hint.*, other than 
that it should become a 
point of understanding 
relationships. ) 



lAAA :..Y ;:?ICk M.l i.-^ACl' n (purpose: perception of l^n^th.: 

two toar.G (or two players) and GCorokoepor 
I-it" rials ; 

1. two sets of dowel or wood lengths the size of the track arprox. 

(one set consists of two each of 1" to 8" length, the other 
set is identical; each set is "tipped" in its color, i.e. an 
orange set and a blue set) 

2. Board; thirty-six inches long, with two tracks at least eight 
inches apart, 

r 



Gair.e 



7 




Ir teair, one, player one lays down a dowel . 

2. tean; two, player one mist pick out of his container of dov^ 
lengths, one that is the exact same length as that of tean: 

^•"^» Kithcut ir.atching first having put on board, if it is 

net the same, he ir.ust put back in container. ..however, he 
now lays down another dowel length whitfh tean: one, player two 
must guess. 

3. Team one, player two picks the dow9lhe thinks will match... 
if it does match, he still g<.ts his turn to lay another stick 
down for team two to guess for th.3ir traick line. 

4. Winning tear-, is the one who gets to "STOP" line exactly ,'i.e., 
if they go over, that team auton.atically looses. 



scorecardJ since this is a short game, each X stands for one 
gao-.e 
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C.C a: D 7.1k (purpose: rr.ictic^ in ucinc run.bor ''c C'lcul-itorc 

for lancth end. symbolically r<^rrr!SGntativo of length; 
t-,^'o or tl-.r^^e rilay^rs. 
i' ateririls : 

1. f-MT.G board: throe trr.cks, a-nrroxir' t^ly 4^ incron'.r>ntc oach. 
Draw tracks on board usin.f; the unifix beads so that tre size 
ir.atchoD ar.d so that the indentations ir.ark the end of each 
unifix. Sach track is a different coloi' which ir.atches the 
color of the players suprly of unifix. The tracks 
are nuir.berod consecutively froa: one to forty-five, vlich is 
an indirect reference notation of total sums and reir.ainderr- 
Insert a "stop" eicn for every fifteen spaces so that short 
gair.es can be played. 

2. deck of cards; the deck can have any type of ir.ath'^r.atical 
calculation providing that the children know how to do the 
opperation. One 'Vanquished" card is inserted (for the 
sake of the "game"). The player who takes this card has 
t^-o choices; l) he leaves or 2) he stays, but he irust 
remove all of his unifix and begin again with the odds 
against hi'.-. 

3. a supply of unifix for each player. Sach is the color of 
a track. 



Game ; 

1. The first nlayer takes a card which says e.g. "C5o 2+5; he 
then takes 2+5 (or ?) unifix and places them on the board 
...etc. (notice that the board notation, in linear rath, 
places him at 7, therefore having seven; on the next play 
he m.ay get "Go 4+I'', the original 7 plus 5 puts him at 12) 
(SiUB next' page for diagrams) 
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GC A:.D TAK:? (ccn't) 




M 



A 



Ac 



5li 



.la. 



(2 
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uA?» IS: Grnriir thppe or rncre t^^ams: 1, 2, and 3 
1. A chart fc-v ic drawn on tho board: 
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t team, first pla/'sr says 
• 



second team, first flayer, "go over tvo and up fivel*. 
third team, first player, ''go over three and up six*'. 

Continue in rotation. .. the object is whose team can color in 
their entire vertical column first... any player who repeats 
something already filled in or gives an incorrect column 
looses his turn. (She vertical »»color ins*' do not go in numerical 
order, that is too easy.) 

(iTho teacher at first will hc.ve to be the one who colors the 
place} later, a child who understands well how it works can do.) 



CA?.'^^: Grnr>}>Cy two tr^.-ur^s 



2* A chart (c^o below) is drawn on tho board. 
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It ir.akfjs no 
differonc^ how or 
•m '.:hioh dirf^ction 
t>hn teach'^r draws tho 
^injftial linr^o; but 
both team lin'^s noist 
cover the san:e arrount 
,of squares. The lin'^s 
represent only a guide; 
thf^ childrr^n are to 
•nan?e or interpret the 
Guide by saying wh^re 
they are on the graph . 



Thib time the lines have been drawn but boies have not been 
colored. One line (starting at l) is team one, the line starting 
at five is tear, two, The object is to color in the boxes in 
seouencc, starting at the left. The winner is the team which 

gets to the right side first. An incorrect statement is not 
counted, the teajTi looses its tern. 

The teacher will at first be the one who colors in the squares, 
later a child can do, 

Teair. one, player one, "color u^. ne and over ^ne**. 
Tean: two, player one, "color up five over one". 
Team one, player two, "color up two over two" 
Tean: two, player two, "color up four over two" 
Team one, player three, " color up three over three"^ 
continue in rotation.... 
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SlLCT A S CHART (Int;tar,atic chart notation ae woll ac r^tcing a 

tactile ->^nGo of longth aocociatod with nun.orical 
quanitity. ) 

one or rrore players 
_!-.atorialr> : 

1. a wooden ^•pii^-'ball" track, aprroXiiratoly four f^et long. 
The track has a disc which just fits the size of 
track. The tr.ck is nuir.ericaily 
scored, coi.socutively. ) 

2. ncore paper (use squared 
graph aper) 

Ctos^ Scc/rcr^ jSc/quJ 

Gar.e : ^^O^ 

1. cr.ild pulls spring stick and 
shoots discj if disc goes into 
box 5, tk^5ihe colors up five 
vertical squares over "trial 
one" on graph pap^r. ( iH3re 
h o. is /Tcttinr an indirect 
su;^, Rstive cercert of 




gcalinr for the sake of 
a chart • ) 



This spring lever apparatus has 
seme huiit in irechanical properties 
of motion which should be included in 
chart results e.g., ohart eight trials 
done on level. chart eight trials 
done on slight incline. .. tiy to 
caintain a constant in the "shoot 
force" by marking the length to 
pull out iho leve.: for each 
trial (see diagram). There will 
be otror ways in which, to use 
for obtainin^^ uSier comparative 
recultc; thet-? vill become 
apparent upon usirg. 
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'SCC: AN]) CHART ( ccn't) 



Variation 1 ; contrive a Gin.ilar numbor^d track cn flocr ueing 
instead a child sizo ehoffle board, dice and pushor 

Variation 2: samo as var. 1 with two sides 

(Purposo of variations is for tactile, luiscular mernoiy in 
perception of length. ) 



Use washable ir.a^ic maricer to draw 
tho '•board" on floor (A small group 
effort should allow the teacher to 
see how well the children interpret 
n^easuring in terms of 
application^ ) 
use same chari or 
variation scoring 
technique. 




children's 
plastic shuffle 
board equipment 
available 



o A 



ir.C^ a: D .v^ (rurroso; using tho Oo'^ration of acl'^lition of ^ - 

nuir.beieas an abstract conc'=>pt of l^^n^tiij this 
is totally abstract whoroc^.s a chart has been a 
concrete representation of le/^gth and measure) 

two playors 
^-at^ric^ls : 

1. gaiEc board, vith two nurnbered race tracks being the same 
color as the car to be raced. 

2. two small "matchbox'* type cars 

3* score cards with magic maimers tre color of the two cars. 
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1. player one puts car at start m.ark and gives car a shove.., 
if he goes over the track (end or Bide) he gets no score.., 
othen/ise he gets score the ntunber of the box in which 
his car stot>s» 
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Variation 1. The variation consista; in having a rcv^roed mjrorical 
sequence track (rather than a ^'ctart'* line' which can 
be hinged (taped) to the original board* The hinged 
part can then be elevated slightly for the purpose 
of obtaining a more complex type of datagrair.. 
Instead of a score sheet which tells the cor.parative 
scores of each car at a glance, in variation 1*, each 
ciiild world keep his own datagran: and then coir.pare 
his results with those of his partner^ 

Gan^ 1. elevate the part of the board ir.arked "1" about an inch and 
a half. 

2p e.gp, accordin^r to the datagram below, the blue car starts 
in place one on board 1; he lets his car just roll (no 
pushing). ?:-ie blue car, as the datagram show, rolls to 
plnce tvo on board 2. The second time, the blue car is 
put in place tvro on board 1, the car rolls to place three 
on board 2 etc. 
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(:oto: the follo;:ir.£: -rlcin \:cis that v;hich \;uz dovicod by the 
chilclr.^n undor vhoce Ictd tl^iG curriculur. vmc outlin^-d. The 
tr.o tiircG items listed b^low may be substituted for something 
sir.ilar. ' 

1. The chiildren vero each fiven an unassembled vood^n car; 
they took tliem home, assembled them and Daint^d them to 
their own liking. The purpose was simrly a gimmick to 
ir.torest e^ch child in what vas to take place. This may be 
gubs tituted y having each child bring to school his ovn 
premade model car, 

2. The teacher devised a premeditated rlan for the "st-ndard" 
vrhich was m bctse four. The units of measure were made of 
stripe of vrood. The longest (approximately 56" long* was 
named a "Find". The next longest (approximately 14";was 
named by the children, a "Kaiser", The next, named a 
"dinky", was approximately >^-" long. The shortest, named a 
"medor" was approxim.ately three-forths inches long, 

4 Kaisers = 1 Find 
4 dinkies - 1 Kaiser 
^ medors = 1 dinky 

The width of the wood strips was also equal to one medor. 
There were, and should be, many of each unit so that they can 
be layed end to end in measuring. This m.ay be su bstituted with 
any base measure or sim.i^ly using a linear system already in use, 
i,e, inches, feet, and yard or the metric system* The only 
requisite is that there are individual rieces for each unit and 
that each unit is available in quantity, 

3. The names "Find", "Kaiser", "dinky" and "m.edor" were given, by 
this particular class of children. It ds recom.mended that any 
group of children give their own names; they will be better 
rem.em.bered. 

First day: The teacher will explain the game as a car race, each 
time only two children will race, !3ach will race for three times 
and then the score will be added up^ Then players will switch 
places. She then shows them the new standard m.easuro which evoiycne 
will use (on the first day "Finds" and "Kaisers" only arc used) , 
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'•1 S?A: DAi!]) (cor.'t' 
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1. ir.-.ny Finds 

2. r.r.ny Kaisers 

3. liot rod cars 

4. ^^oore paper 

5. the track taped on the floor 
(a "start" ar.d a "stop" line 

ir.ust be fixed by tape on the floor. ) 

Use about a six foot maximum, othorvfice tho children may not 
be able to do the m.athematics. Cars running diagonally ar^i 
considered "in" but if thny go over the "stop" line the child 
gets no score. It was found that this confinement kept the 
game to a more serious activity. 
Came ; 

I.'ame a scorekeeper 
irame a referee 

Lame two racers (competitors) 

Dach racer appoints his own "measure man" (who measures with the Finds 
and the Kaisers the distance traveled by his man's carl 



The roferoe; sits over the "stop" line. His business is to l) keep 
order 2) see that no foul play takes place at the start or 
finish point 3) he sees that there is no distortion in the lin^^ 
of measure i.e. that the "measure man" lays Kaisers in a straight 
nn£ ^^om the point where the car starts to the place where it 
stops. 

The racers; use their own hot rod; alternating turns. 

The "measure con"; measure the distance for the car of the racer 

for whom they work. They also call score to the scorekeeper 

(the score is always verified by the onlookers) 
The scorekoeT^er; keeps score. .. three runs (an"out" will count as 

a run with zero for the score) constitutes a game. 

On tl:e first day, the measurements are taken only in Finds and in 
Kaisers (or the longest units) . (SE^l: SI'-^LF ICiT^RIAL Find, Kaiser 
worksheets) It will occur to the children or by suggestion that 
the game is not always fair since the cars sometimes 
will go farther, but not far enough for the length of 



ERIC 



ar.othor Kaisor (tl^o rule b'^me that unless anothor Kaicer -ictually 
fits tho car, it is not counted). Tliere will arico a discuccion 
as tc the nood for an additional smaller unit of measure. 



On the second day the t<-ach-r brings in lengths which ar-^ sr.aller... 
four end to end constitute a Kaisor, thece the children nair,«d 
"din]:iec". The teacher shoi;ld explain how fch-y work and how to 
totr.l scores. (ST^Ei SII^LF laT^RIAL . Find, Kaiser, dinky woricsheets). 

Tlie c}:ildron becoir.e aggressive about making room for another 
dinlcj-- when measuring the distance traveled by the cars. This 
trickery is easily sf >n by the opponent and also ril-s the referee. 
Therefore, on the third day the teacher brings in a smaller 
increment to satisfy the need. 



On the third day the medor, which is one-sixteenth of a Kaiser 
and one-forth of a dinky, is brought in. Again tho teacher shows 
children the equalities and how to total scores. (.S^'D: SH^LF 
I-:AT^RIAL; Find, Kaiser, diiiky, medor worksheets) 
Scoresheet examples J 
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ga:.^; t;;^ s?ai;daiu) (con't) 

Since learnins these (^oualities and how to keor score is a 
rracticed skill, it Kill bo necossaiy to make good us" of tho 
prictice sheets (see: Sholf Latr^rial^ which should bo available 
in groat supply. It probably will be neceeeary to lengthen 
the nun:ber of days necessary to learning this "standard" sequence. 
The work sheets should be n:iii;oogra}ihed and structured accordingly. 



G.W.S; i'.,Yst^r>- L'.apc. (can also bo usod as "shelf niatorial") 

Tho children are nskod to ir.eacur^ the length of thoir feot placed 
end to end. It hapi^ens that children this a^o hav- a foot about 
six to seven inches lon^.^^end to end the ap-nroxiir.ation is 
one Kaiser. Once the relationship is understood, explain 
that it ic up to ther. whether they want to approximate one 
Kaiser with feet end to end or use the actual standard. 



JWt: The children are given ir.aps and asked to look at .the map 
and try to ->.ess what they will find at the end. (i.e., 
What thing will be in the"? box"'?) 
example : 



They are to write 
in "? oox" what is 
there, at the end 
of the map. 




Second; 



One child walks off a map and draws a diagram on mr,er 
as he goes. In this way the map maker knows what 
should go in the box. He gives his map to another 
child (one who has not been watching) who tiys first 
to quesc by Just looking at the map. Then he measures 
off to find out for sure. He then returns to his 
map malcer to find if he is ox was right. 



CAJ. .T; hiyctonr iVapr. / con • t ) 



[•hird 



ERIC 



: I'O^steiy kcp Treasure Hunt, (hoto: if tho childrRn do not 
know hov.' to use a cor.pass already, sho-- ther ..) 
(Qily five children should use one map. ) 

Tho teacher (with the aid of a child) walks off a lar^e 

rather involved mysteiy trpasure map for outside. 

At the end of the rout-? they hide the "treasure", por' aps 

a bag of gold covered chocolate coins for each child. 

At each turn in the map there are "?" boxes, at these 

places the child would be at some significant land mark. 

Ke then will place in the box the nam& of the landr;aric. 

(This also represents a clue- to the children, i.e., if 

they have walk id off the number of Kaisers on the map 

and they are not at a "landmark" but are somewhere near the 

(perhaps.) tennis court, they realize that the tennis court 

must be the landman*: .„ ^ 

^<or-!j: if children can count by "ivos" 
a"comfortable" pace or big step is approximately two Kaisers, 
ir ^^ich case it would be less tedious to walk off. 




an 




2^ 



app®;dix II 

Shelf Boaterial and graphs 
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BL3:'.*^i:TAP.Y L'^ASIiIU^.G ^X'^r^CIS'^S 




Labollod liriA.ir or 
oiicifcrn; loaves in 
a vase. • •during; the 
day each child makes 
an estimate as to 
which loaf he thinks 
the longest. At the 
end of th« day the 
leaves are laid out 
by the children in 
an ordor "ty lenprth* 
A written statement 
can fhen be made. 




F<C<A-D < B < E 



^* "^len.or.t^'.ry Sorting Tray (introduction of signs > and < ) 
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Child matches atring 
or stick lengths to 
stationary -"icore . than" 
"less than " series 
in tray» 



II • Plciy with siCTs "c^ore than", "less than " 

A. Control boaru . i set of ^ ^ signs and sticks of same 

length as control board . Child trys to repeat the same series 
beneath control board. 
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B. Box with eiens oor.e pre-tagged sticks; having 

arranged the sticks and signs in a series (-leave it to the 
child whether he grades th^m or puts in a synietrical 
arrangement) he then records his answer on a riiece of paper, 
(after three of four children have done it; they can get 

together with teacher and compare their answer sheets a good 

exercise in unscrair.blin- data and tiying to put it in ordor^ 
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111. I'OTQ work with>^ C 
rcimeographed paper: 



< 



A<E<F>B< e<H>P<& 

i^ffrr ■ 



(note J one sh^et can be 
cut into four strips, 
stages of difficulty) 
exercise: child writes 
in ^ ^ signs. 
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by FKC J. 5 ^i^vgLtc :,rvin?ro -^^nd tho diccuscion. Roadin^re 

frcn. the f'-llouin^ would bo bonr^ficial: 

Benedick. i\ ov, I.uch Wov, I any 

^^"tein. The ?irgt Book of ^•^UGU^o^,ent 




to/or ckII ^ 



(the above paper when colored will show a color pattern, 
starting: from left, it will be blue, red, blue, rod, 
blue, red, blue, red, blue; the one at the top and the two 
at the bottom being green. ) 
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r-CV I .'u.Y? (purroso: cciT;T>arativo rcencurorr.'^ntc tf c rco lino... 

ir.eacureir.ont of otrnicht, curved and ancular lanec) 

In PK03 7 tho children named various units which could serve as 

ir.cr.-r.er)ts of niearure; fron: this list, containers (boxes ; 

should be r.ade. On the top of each box affix a specirr.on of th^ 

ccRtonts along with a name tag with clear contact. paper. 

In this way the children 

shoi-ld have less difficulty 

reading the new words on 

tho ir.iir.eographed worksheets. 

ihe work sheet should look 
soKething like ,tht diagran; 
below,. Kote that the two 
lines on tho san-.e papor • ^ 
cay appear to be the sar-,e length; or to lines that are the sane 
length appear to be different in length. Secondly, the type 
of unit D-,easure of the second line is left for the child to fill 
ill. Thirdly, The child is always to fill in first his "guess" 
before ir.easurin^^ for the "actuali". 




5^ 




this example purposely 
has the same unit 
measurements with 
both lines 



flow Mcvriy ? 



(TCIK'^.D LCOPb PriCJ'^C? ( tl'ir. v;.-if. ono id-^-' eo-birittod by -t crild... 

i):d it vill b« found that th" chjlqr^n 
vill h-- t' i rlzir.c vv t; "ir ow:. i\r^z ar.d 
rroc^rtB ft'^r t].oy rot irtc "r.oa[,i;rine") 
"ho rroject is to r-easuro the l-ngt) of th" rocn in ciirr.r^d rap«r 
strirs that can be ir.ade into a lencth of intorlccked loopc. 
1V.-0 childroii bncin rr.a!:irig the loop chair. . .after hivirif; do: - 
abci t ten (tor. because roet children can coiuit by tens; 
thor-fcre if they are able to ir.ethrdize t: eir fiuors, ten f;ive6 
t)ier. a unit of estin.ate); all children make an estiir'-.ted cuecs 
as to the total length. The noF.os of the children are licted 
•..•ith their guess alongside. The project takes cev-ral days 
and different children will be working on at diffor^nt times. 
It wculd be reasonable to allow children to give s^Ccnd and 
third guesses, or of course retain th&ir ofiginal estimate on 
subsequent days. 

Try reading an historical account of the English chain length 
in measuring acreage: 



P'^^^' J.^L ^^^.^^.l (purpose: raking a judgm'^rL and applying a skill 

without being given any suggestion as to hov 
to do or what to use as a mediUiT to find an 
answer ) 

Soo dia/rrar. 
3. G. : 

Whose shoe print is this? (available) 

This is the length of which aniinal in the room? (not available 
This is whose hand? (available) 

This is the length of which l^af on the sansevieria plant? 

(not available) 

Use different ideas depending on what is available in the 

class room. 2>otice some of the above oxairples are classed 

"available" which means a child will attempt or can just guess 

by tiying to match. "Kot available" means those things in the ' 

room which do not lerd themselves to this type of mobility. 

If you wanted to do something like : "This is the length of which 

windov:? ; a string length could be wound up and glued down; 

in which instance the child would have to match the curled string 

vrith another or a piece of wire, unwind and then find the 

straijr;ht length of which window. 




/o vpfian2 




Iiad a 

1^0 y /o measure.. 
Try /'/ and 



0/ie /a^ 

hoiAj many' c//^//^ /h a -foof^ 
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C;u. rOl SOLV^: this by ^^ASURI: G? (picture on next page) 

•Problen:: "Farmer Lang likes to take a drink of cool water from 
the brook each ir.orning on his way to the barn# (See 
figure). Since he also likes to save sters, he 
figures out the best rath tc t:tke to reduce the 
distance he rnust walk e ich day. " 

(Ruchlis. The Story of Katheir.atics . 
pp. l/(-145* 

Can you figure the shortest route? Use string, tacks 
and the tack board. When you think you have it, 
cut your string the exact length of the path. Tape 
your name to the string and put up with the others 
on the t«ll6tin board. 




(The above diagram for teacher only) ^ _ 





O/vIC YCU SOLV-^ T::iS BY Vr^A^VmCZ (picture on noxt pa^o) 

Problem: :»i\r. Black is a lav:yor v;bo conductB businoco in 
three different cities. The figure on tho next 
page chovs the location A, B, C of thece cities 
on the rcap. He wants to build a house located 
in such a way as to be the s irr.o distance f ro;r. each 
city so he will be able to drive to all in the same 
amount of time*'' (Ruchlis* The Stoiy of Mathematics 

pp. 14c -145* 

note to the teacher: The above stoiy will have to be read and 
explained to the child if necessary* The child can use 
any method he chooses; however, drawing the "map" as on 
the next page on tack board and then supplying child with 
tacks and string is one idea. 

The solution below is not given to the child, it is noted 
simply for the teachers reference. The children are not 
necessarily doing geometiy. 



Geometrically solved by drawing a circle which passes through 
cities A, B, C ...the three routes are radi of one circle. 
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CA:. YOb SOLV^ M k^Ai^hdlhG (ccn ' t. . . "Mr. Black") 



0 



9 



vac^ 66 



':: ^ r.{C3L^;. oy shcht cut 
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'riiero iG a]i oir.vty lot noxt to Sandy's hovce. The lot has a 
cidowalk on two sides. The length of the sidewalk is twelve 
^;iant steps long (represent one giant step with one toothpick) 
and nine g^ant steps wide. When Sandy comos homn frorr. school, 
he cuts .cross the lot diagonally. Hov ir.uch distance does he 
s..vo7 (note to the teacher: this has to do with the rules of 
ri^:ht triangles set forth by Pythagoras; however 
cecessaiy to understand the rule or even know it to woric out 
the answer) Find out how many giant steps (toothpicks) it 
would take Sandy to use the. sidewalk 5 then find out how many 
giant steps to walk diagonally. then find how inuch shorter 
it is to cut across. Post your answer on the bulletin, bo: 




(note: draw iiagram ( see next pa^e ; on a largo piece of 
paper, the diagonal should be marked, because children of 
this age find it difficult to sight nnd reproduce a straight 
lino. The child has only to measure with tooth picks and 
, do the mathematics. . ^pointing out and defining terminology, 
discussing the rale (there ar^ two whole ma)ber corr.binations 
for rt. angled triangles: 3, 4, 5 ^nd 5, 12, 13 and r.ultiples 
of) and tiying otther similar problems is up to the abilities 
of the individual child but it probably will not be significunt 
to any child this age even if he se^^ms to understand) 



P 2s J ^ 



\'y^. PX3L^;. 0? V:;-^ bHO.i? GUT (con't} 

(^rilarco the diacran; below cn papnr lar£;o orr\j^ii to draw the t 
sides to "toothpick'* scale. ) 
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Kat-:) rials : 

1. Paper clips (paper chains or popit beads j i.e.? anything flexible 

which can also be linked together is best suited 
for this) 

2. Obstacles: wooden blocks or anything siirilar to be set on 
a flat cardboard; the obstacles for any one set of chart 
notation should have scire interesting relationship e.g.j those 
below are sajue in base and height. 
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S-.'^U' I - AT'^.JAL: Find, Kair.er wo3icGho<^t 

(to be enlarged and run off on rrirneo r^apor) 
Tl^.o cliildron should ho -nrovid^d with rrany jf each incr'^r.^nt. In 
totolinf, the child lines u-n 6 Kaisers thon Dn-r> 2 "^inflc" 
tc 'Vi;sh cut'* the £ Kaisers : r^aking 2 rrore "Finds*' and ( 'k'ai-nrc 
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^H^Ly L A?^:uAL: Find^ Kuir>or, dinke y i;orkchoot 

(to bo enlar^rod and run off on mimoo par^r) 















/ M ^ - d 






Y 






•1 

1. 7^ 


f 


k 


< 


1 

/ 


5 


Z 


1 


3 


2 \ 


o 


2 


1 


/ 


z 


1 \ 


1 


1 


0 




J 


2 ; 














i 
i 














i 

! 








L_ 


r 






^0 


2 


3. 


1 


2 




o 


/ 




o 


/ 


o\ 


o 


/ 


1 

/ 


o 


O 


J ! 

































^af;o 71 



S.r^L? lA'x ^ lAL; ?ind» Xaisor^ dinlcy, medor yprknho^t 
(to bo onlarn'^d and run off on mirr.no pav'^r^ 
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V "IL? i' A? ' JAL : Tgpo moacur^s of th^ r^t.'^ndord 



(a pro,]oct 



^)ach child vil] find it handy to have a tar'G ir.->asuro, 
rinco the flexibility will rerr.it ham to moaeure 
things that have a curve. The child can bring 
his ovn white grograin ribbon (aprox-c 56'»' or 
one "Find" long). With the help of the teacher 
and the use of a standard "Find", ;^hich has 
been premarked, he makes his ovn tape. Tape 
the ribbon to table top.. .mark it with a red, 
indelible pen r.aiker, into four Kaisers. 
Using another color to mark each Kaiser into 
four dinkies. Using another color to marie 
each dii^ky into four medcrs. 

(it will also be necessary to 

have several "Find sticks" and 

several tapes marked off in just 

medors.^.and several of each 
marked off in just dinkies. These 
will be useful when doing graph 
notation with the "standard") 
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rticl;*', or "find tape moctcuro 
a b.::Gic diagram 

lar^ c whito r^PG^j sisoors, coldrod rsapor, pacto 



Sxar.-ple : Basic 

Bia/Tram 



(ibto: a con.fortablo "big step" for a child I'de afre is 
a^^prcximr.tely tv;o Kaisers, 2b inches; thorofor^, r rVild 
n;ay \;alk off two "big steps" and covnt i as one "Find", or 
he ir.ay use "little steps", counting each one Kais^^r. ; On id 

fills in basis diafjram with 
the nuir.ber of "Finds". 
2. he checks with othr^j- to 

con.pare results. 
3« once t]:r<^e or four 

children have a siir.ilar 
.understanding:, th^y can 
together b^gln tc do a 
scaled irap ( see next yarp ) 




!• on l^rge -oaper the 

central place is pasted 
c own. 

2. children cut many e.g., 
inch rectangles which 
will r^Dresent a "Find" • 

3. the rest is add^d, s^e 
diagrair.^ oth^r chilren may 
add other things tp the 
same rcap* 



r-.'-l.-.: 




^ 9 
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Slue ->Mav-y 
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!• colored tap-"* 

J. different woightc; e.g..pappr clip, pin, wachor, bottle car^. 
3* ir.a^T^o; of aii'^forent ctr^n^ths 



1. on table tar^o a start line, juct in front -lace a v.-icht e-c- j 
a pin. ;:oldinc r-a^net in han^l, move in cn vhe weight until 
that point when the strength of the rnagn^t starts to tull 
the noight toward it. Nark the place on the tabl^ whoro the 
end of the ca^net was when the weight began to go to the Eagnet. 
Measure that point to the start line (where the weight was) 
in inedors. 

2. the chart shows different weights with same magnet. . .different 
magnets with same weight can also be done. 
(T.9 magnets can be given a symbol name so that they can 

be identified* ) 

I 

I 

< Q 

{ 

T^f^ So/^/e. cap 
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1. Ir^w-^c, frciT. tho saro tr«^o/or -olant 

2. lor.vor. from dif f r»rr.j^t "trooc/cr plantc 
J. Ictc of iT.edors 

coilor oraph paper / or other 
"^V'-^rciGo : 



1. inake a ler.f rubbin^r. . . thon draw around leaves if they ar^ 
lo bated. 




2. ne-sure t: o T^«ri*eryb^• -lacing medors 



ircunr: the periphfiy lines. 
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1. G-v.^- i Giz.-r. of any hiv-lv-^s (s'.r.--^ or difror^r.t! 
C iMoxibi-^ v.'ire 

3. r.t.r.d.ra t .ro me '.cure or a '-r-'ind" irarkod off in r.o : 
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!• Jr.w : vc nd bivr.lv^s, or use wire. ••in tro 



anai; , Voile, 



t..o ::iro nuct op v;cund in grcovo of v>:jcrl rr^: th-r ctroccr^-: 



cut r.lor.r ti:o r.--^cr r.tick. 



r 




7 



.C- 



0^ o 



(vhy are nr.: ro'^l 
^ siiolls diffor^n 
^ r.iznc? ^'hich ore 
— *s the old'^rt 
d hov old 
.,i..^io you 




think?' 



3. 4. 




1. a branch frcin a bush or a email treo (ir.ako sure that th« 
betKoor. tho leaves increase (or differ in size longth) to 
a coaourable degree; S^^ picture next page). 

3. Squared papar. 

?or the bar chari belov. S^i:^ the picture of the branch fror. a 
cock orange bush on the next page. 




pa^o 6( 



1. xiefri^;oi\itcr \<xth froe:;inc cor.r^artmont. 

2. i3alloons: Tao bi^cor tho hotter howevor, tho rraph s) own 

vciG doii- UGinc a fivo c-nx balloon, cince the freeze 
ccnpartrent :;ould not accorr.modate any bigger. The ceacurements 
vero taken or. the l^n^thwise in order to cet the greatect posoible 
variation in diameter. 

3» String 

^. Faporclips and tags for string lengths 

5. A Find stick marked off in m.edors; for measuring tho string. 



j -ro,-: ^ct ; 

— 
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(blow up the balloon and take the original ir.easureiront; in case 
at some stage the balloon pc-s. Tag that string "original".) 

1. Blow up tho balloon (be sure it has some give in it), mark 
vith a felt tipped pen around the greatest diajr.etor (the string 
viil always bo placed over this line when mer.cv.ring; . The first 
£easi:rc">^nt will be take n froir. the freezer . Place balloon in 
tho freezing coir.partment and leave for about an hour. Measure 
the diameter, without really removing the balloon froc the 
freeser (if you remove it will i.ir.m.odiately enlarge). Clip the 
string j.nd place a tag "freezer". 

2. Place the balloon in th, refrigerator "proper" aft^i an hour 
tai:e the r.easuremert, without removing balloo. Tag the string 
refrigerator. 

3. hand balloon outride, on a warm, day in the sun, or just 
in a place that is considerably warmer than the refrigerator, 
■/ou will b-. able to measure the increase in diameter quits 
scon cmce the air in the balloon expands rather rapidly. 
Tag the string ••outside" or "in sun" or vhate^ er. 

5. Tr.e three strings should then 
be laid .^^ixinct a Find stick, 
markod off in r.edors. Find 
the length of the diameter in 
medcrs or the throe strings. 

(:.C?3: the sequence in the directions 

abcvG is nocesrai;^ . to obtain significant variations TTdi^tor, the 
r-acon being, that you are originally blowing hot air into tho balloon; 




J^ar^ ^ 1 





I 



1. 
2. 



rtxck m clay 
r.odcr Gtick or tape 
r'"^\: tred paror 




record. 



rlaco a st^-^aw or thin dowol in a sir.alj; clav o //Ij 
cutsicle in sun. • .Er-easuro the len^h of shad^^ in 

't 

7 

the children can be shown a clock (the,- problabiy lancv hov to' 
tell the hour); but they vill have to be roir.inded to record 
the length of the shadow every hour. 
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:illG:V]} V^USUS D]?xVu\;C^ (porspective) 

!• I.otation paper and pencil 
2. Find stick measured in medors 
3» Kaisor stick measured in medors 
4. Graph paper (squared paper) 
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Project? (iJotf*: teacher supervision will be necessary to k^ep ^>he 
accuracy and the system tha same at each move*) 

1, Select a pole oJ erect one in the ground or in the room. It 
should measure approximately 32 medors. 

2, Iweacure two Kaisers away from it. Now measure the height of the 
pole* 

(Hemem.be?? to always hold the same position each t: me th'^ height 
is measured. The best way found was to kneel, sitting on heels, 
then hold the Kaiser stick (measured in medors) in left hand 
with arm and back stretched as far as they will go. This position 
is one that can easily be regained each time a new m.eacur^m^ent 
is ;fcaken. 

3, Close one eye and si2€ up the height of the pole in medors. Have 
a partner do the notations. 
The measurements of a pole 

(which was 32 medors) are 
given at the ^nght. 
The graph obtained from 
tliese measurements is 
given on the next page • 
A teacher will need to 
help out with this type 
of graph on the first 
few timoc. 
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..IIG.M' V'IaSUS DlS'I'.u.CT (ccn't) 

'Air, cr.irh £:iV(-^s the hoi£:ht of a 32 modor voln at dictar.c 
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It should be interesting to do the same with different heights, one 
idea would be to use a child in place of the pole. Compare the 
graphs to see if the same type of curve is always apparent, 
(note: this same thing could be done just as a bar chart) 



T CAS*: c? Ti"^ \iu:is]r:;G rvr c? soap 

1. i.odor ir.eaGuring tare 

2« A har.d siso bar of soft soap (Dove or Ivory) 
3* >'Otation papor 
4* Squared paper 



Fro joct , 
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1. I'leaeure around the new bar of soap. 

2. The child then takes horce for general farcily use; or just for 
his own baths; or it can remain at school for clans use. 

3. "^ery morning (or evening), tho child measureo around the bar 
of soap with his medor tape^ and writes how big the bar of soap 
is in Ecdors next to the day. He does this until the bar is no 
longer measurable. 

4« Graph results. 

(this could also be done with a chunk of ice melting in the classroom) 
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:xv/ :ic][ n'AV'w xiLs away? 



i..^ t^^r: -lie I 

1, iitovo or ]:ct relate 

2. I.arrow vpgsgI in vhich to boil wator (the narrower tl.e hotter; 
this exT>oriinent was done with a 4^" container with an original 
v-atv;r cont.-nt of 3 medors deep) 

3» A Kaiser stick marked in medors 

Record sheet 
5» A timer 
C. Squared paper 



Project ; 

1. I-Ieasure water into a container for boiling; as many medors 
deep as the vessel will hold (but leave at least an inch at 
the top so that it will not boil over) 

2. L.ark on notation pappr: e.g. 0 minutes 3 medors 

3« Vi'ait for water to come to a rolling boil 

4. Set timer for IG minutes (or whatever time increment you choose 
to use» ) 

5. V/hen the timer goes off measure the depth of the water with 

the Kaiser stick marked in medors- Record: e.ge IC minutes 2^, medors 

6. Set the timer again for another IC minutes; when it goes off, 
measure tlie depth of the water again and record: 

e.g. 2C minutes 2 medors 

7. Repeat the above instructions until you have enough information 
to work with: 



^ 0-.^^.inur^s v,?__^e^zfirx_ 

L/^..„ A*7y>5 ^/6^__ Tr_^Z:L^^e^iiiiLi^ 
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:.ov/ JX'C'- :;at-oj{ boils away? (cm't' 



?his is the Graph ir.ado from the record sh.et on tho ^vovioxxn T,aGe, 
Tho voGool used for boiling wao 4-" vide. The water boxlod for 
a total of 4( irdnutes. The depth of the water was taken evoiy 
IC rr.ir.utos with a ir.edor stick. 
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